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LIST OF TITANIUM MINERALS—CoNTINUED

Mineral Composition Co;?nczn’.l;lo.
52.7
53.1
87.7
......... CaTiOs... | 58.9
Pseudobrookite... Fe(TiOd)a....... i 42.9
Arizonite.......... Fes01.3TiOs or FeaTisOs. oo iiacaeccacaaaen ! 588
Knopite........... RO.TiOs. Cloeely related to perovskite but contains cerium. 54.1-58.7
Iserite......ooo.. FeTir0 6 oo iemieciac e i cem e enae e e e e acaennne ‘ 9.5
[
Titano-silicates !
Titanite. _......... (073 73 ) 0 2 ! 40.8
Bchorlomite. 3Ca0.(Fe, Ti)«03.3(8i, Ti)Oteeceeeriiiaaannan mmm—mm—e ‘ 12.5-22.1
 Keilhauite ... 15CaTi8i0,; .(Al, Fe, Y)1(8i, Ti)Os.
Guarinite__._ (019 {0 2N

Tsecheffkinite._._._ Related to keilhauite but uncertain._.
Astrophyllite_._._. (Na, K)« (FeMn)¢ Ti(8i04) -
Aenigmatite. 2N 1210 .9Fe0 .AlFe0s.12(8i, Ti)Os

Related to astrophyllite. .. ... .....
Neptunite....._... RaR TS 40 12 e icccccceaccmaae-
Johnastrupite_.._._ A complex silicate of the cezium metals, Ca and Na chiefly

with Tiand Foo o ieeceeamn————a, 7.6

Mosandrite.. . _.. Very ncar Johnstrupite. .. ... ... ..ociieeeimeieee——— | 53-99
Rinkite._ ... Near Johnstrupite and moeandrite. ... ... eroeomeoo.. 13.4

Similar to schorlomite. ... .. i 18.98

Same as neptunite 18.1
Benitoite._ BaTiSisOs... 19.3
Lorenszenite.. Nas(Ti02)812071. it ccecccccac—aa. 35.2
Yttrocrasite..._... A hydrous titanate of the yttrium earths and thorium.._.. 0.7
Delorentite........ 2Fe0.U02.2Y 203 . 24Ti00(?) oot ieceeeee 68.9
Davidite... TiO: with Fe, U, V, Cr, and rare earths______. . ___..... 50.04
Narsarsukite ... Acid titano-silicate of ferric iron and sodium__..__._..._... 14.

Niobates and Tan-
talates:

Pyrochlore..._..._ RNb:0¢.R(Ti, Th)Os.NaF.__. 5.4-13.6
Aesachynite. .. R: NbO13Rs (Ti, Th)sO1a.o..o.. 21.2
Polymignite.....__ R( (Nb, Ta O2)1.5R( (Ti, Zr) Os)s.. 18.9
Euzxenite....__.... R(NbO»)s.R2(TiOs)s.JH:O._. 20.0-23.5
Polycrase v-- R(NbO3)a.2R2 (Ti0:)3s.3HsO ... 25.2-29.3
Blomstrandite .... A niobate, tantalate, and titinate of uranium. 10.7
Dysanalyte........ 6RTiO3.RNb:Os.. - 40.6-59.3
Striverite.. . FeO(Ta, Cb):04.6TiOz(?)..... 4.0
Epistolite.._.._.._. Nb:0:.8102. TiO2.Na20 HaO(?) o ocr e e e 7.2
Blomstrandine-

Niobates and titanates of Y, Er, Ce, and U._._.__....._... 21.9-32.9

Same as pyrochlore 2.9

FeO . NbzOs 5Ti0 s oo ot icrcacicaccnannan 53.0-73.8

CaR;8i03)«. Variable amounta of TiOs. As much as 8.5

CaR(8103)2. Variable amounts of TiOs. oo ooeiammmnns As much as 4.6

(H, K)2(Mg, Fe)s(Al, Fe)2(8iO4)«. Variable amounts of
T2 e aceeee ---| Variable up to 4.7
Lepidomelane_._.. Iron mica, with variable amounts of TiOs._. --| Variable up to_4.7
Rosenbuschite..... 6Ca8i03.2Nu2Zr0:F 3 .(TiSi01.TiO») .o .oL.oo - 69-7.8

Titanolivine_....__ Olivine(Mg, Fe) 18104 with variable TiOs. ... . commeao.. 35~-6.1
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LIST OF TITANIUM MINERALS—CONTINUED

Mineral 5 Composition “ C°‘i,";méego’

. — - | .
Silieates—Con : !

Andradite.._...... | CasFes(SiO4)a; also CasFea((Si, Ti) O«)s with variable TiOs Variable up to 10.8

Leucosphenite..... . Na, Ba(TiO12) (8i208) 8 caao oo : 13.2

Rhéaite............ (Ca, Nas, K1)sMgFesFesAlu(Si, TO10 .oooonnoooonons Y
Miscellaneous: ' |

Hydrotitanite_.... . Altered form of dysanalyte. . o . o . iiceoaans . 82.8

Warwickite__...... Perhaps 6MgO .FeQ.2Ti01.3BsOs oo ! 2.5

Zirkelite.. .....__. i (Ca, Fe)O.2(Zr, Ti, Th)O s oo oiecaieaaae i 14 .95

Derbylite.......... L6 FeO 5Ti08.8b30 5 e o eememamcmacams ccamcamcccemnenan X

Lewisite......_.... ; 5Ca0 .2Ti08.38b g0 8. e o e e cicieiiaas i 11.7

Mauseliite.......__  4(Ca, Pb)O.TiO2.28b30 4. oo eceenneeaas 19

Hainite......._...., Composition doubtful, probably allied to mosandrite____._ ' Undetermined

Senaite_........... (Fe. Pb)O.2(Ti, Mn)Os. Uncertain_.... eamemencm—————ne 57.2

I |

Norta CaroriNna LoCcALITIES

Ilmenite (Menaccanite). Some of the magnetic iron ores of North
Carolina are titaniferous magnetites, while others are composed largely
of ilmenite. These ores are described in considerable detail in Bulletin
1 of the Survey publications and, therefore, only a very brief notice will
be given here of their occurrence. Such ores are found in Ashe, Cald-
well, Iredell, Macon, Madison, Mitchell and Surry counties.

It has also been found in erystals and cleavable masses in many of the
pegmatites of western North Carolina.

Rutile. This mineral has been found in many localities throughout
North Carolina and, in one instance, gives promise of oceurring in com-
mercial quantity. This locality is in Clay County, near EIf postoffice
on the Samuel Hogsed farm, where large, rough, almost black crystals
of rutile are found quite abundantly in the soil. These rutile crystals
vary in size from three-eighths inch to an inch or more in diameter.
Thus far the original source of this rutile has not been determined.

It has also been found in well developed crystals up to three-eighths
inch in diameter near Bryson City, Swain County; at the head of Cane
Creek, Mitchell County; at the Ray mine, Yancey County; in beautiful
crystals at Crowder and Chubb mountains, Gaston County; in large
erystals at Hildebrand’s, Burke County; in large crystals at E. Balch’s,
H. Balch’s, Huffman’s and D. Lutz’s, in Catawba County?!; as small and
large, brilliant, well developed crystals associated with hiddenite near
Hiddenite, Alexander County; and in small crystals associated with
corundum at the Cullasaja mine, Macon County, the Hogback mine in
Jackson County, and near Bakersville, Mitchell County.1

iF. A. Genth, Bull /4, U. 8. Geol. Survey, p. 36, 1881,
7
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In the form of acicular crystals, rutile has been found in Alexander
County,! on John Lackey’s farm near Liberty Church, at Wilson’s, near
Poplar Springs, at White Plains, Crouch’s and at Milholland Mill.
There has been found in Alexander County some of the most beautiful
rutile crystals ever found anywhere. They have been found as much
as three inches long and one-half inch in diameter, of a beautiful red
color. Some of them are often geniculated. Some very good gems have
been cut from this rutile that compare very favorably with the black
diamond from Brazil. Associated with the ruby corundum of Caler
Fork of Cowee Creek, Macon County, rutile has been found in small
grains and crystals.

Other localities where acicular crystals of rutile have been found are:
in crystals up to one inch long near Beattie Ford, Mecklenburg County;
in long crystals in quartz near Buckham Falls, Chatham County; on
Mrs. Daniel’s farm near Mount Pisgah, on Mrs. Jordan’s farm near
Kings Mill, at Alex. Lackley’s, Misses Bennett’s, Thomas Adams’ and
Mrs. Smith’s farms in Iredell County; at Dietz’s, Van Horn’s and Hilde-
brand’s in Burke County. Associated with and penetrating quartz
(amethyst) forming in many instances beautiful specimens of rutilated
quartz (Venus hair stone). It has been found in brownish amethyst at
the head of Honey Creek, Wilkes County; in amethyst at Huffman’s
and D. Lutz’s in Catawba County; and near Concord, Cabarrus County;
in the northwest corner of Lincoln County.2

In the gold and monazite placer deposits of Burke, McDowell, Ruther-
ford, Polk, Macon, Alexander and Cleveland counties small grains and
crystals of rutile have been found more or less abundantly. It has also
been found in beautiful erystals in white radiated pyrophyllite in John
Sykes’ land at Rock Springs postoffice, near Efland, Orange County.

Anatase3 In the gold sands of Burke County, anatase has been
found in small brilliant tatular erystals; also in quartz from Alexander,
McDowell, and Rutherford counties. Crystals of unusual size were
found at the Brindletown gold mine, Burke County.

Brookite.3 This mineral has been found in the gold sands of Ruther-
ford, McDowell and Burke counties. It occurs in small rhombic crystals
varying in color from dull yellow to brown.

Titanite (sphene). This mineral has been found at several localities
throughout western North Carolina. F. A. Genth3 has observed it at
Morganton Springs, Burke County, in minute brown erystals; in horn-
blende slate and in granite at White Mills, Gaston County; at Rogers’
ore bank, near Danbury, Stokes County; on Hurricane Mountain, Yan-
"TIF. A. Genth, Bull. 14, U. S. Geol. Survey, p. 36, 1591.

Ibid., p. 37.
3]bid., p. 60.
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cey County; in mica schist associated with oligoclase near Statesville,
Iredell County.

Small titanite crystals of a brownish-red color have been found at
the Hasket lime quarry in Cullowhee Gap, Macon County. Small
crystals have also been found near Paint Gap, Madison County, in a
granitic rock.

At the Jones zircon mine, near Tuxedo (Zirconia), Henderson County,
good unaltered crystals of titanite have been found. Some larger crys-
tals have been found which are nearly to entirely altered to a mineral
called xanthitane. Some of these altered produects contain a nucleus of

unaltered titanite. :
Zirconium

Zirconium has been experimented with in the manufacture of incan-
descent lamps and some have been manufactured and tested; but, up
to the present time, they have not become a commercial success. The
zirconium filament is supposed to give a very slightly greater efficiency
than the tungsten but its profitable life is very much less.!

The tungsten-zirconium alloy filament is described under Tungsten.
The source of zirconium is the mineral zircon.

Osminum

Another filament lamp that was devised by Auer Von Welsbach is the
osmium lamp. While some of these lamps were manufactured, they
never became of commercial importance, principally because of the
scarcity of osmium and the high cost of the material with which the
filament has to be made. Von Welsbach has estimated that there are
only a few hundred pounds of osmium available in the periphery of
our globe.2

Molybdenum

Considerable cxperimental work has been done in an attempt to use
metallic molybdenum as a filament for incandescent electric lights, Thus
far no commercial lamps have been produced, due, probably, to the low
melting point of molybdenum. The pure metal can be drawn into wire
and a very small amount of molybdenum wire is used in the manufacture
of tungsten incandescent lamps as a support for the tungsten filaments.

Molybdenum is ordinarily obtained as a bluish black powder, but it
can be converted into the bright metal by use of the thermite process or
in the electric furnace. This metal may be drawn into a wire which is
tougher and stands much rougher treatment than tungsten wire.3

The principal use of molybdenum is in the manufacture of certain
chemical reagents, espeeially ammoniur molvbdate, which is used in the

1Engineer (Cleveland, N. Y.), Dec., 1908, ﬁ 569; and U. 8. Geol. ‘Eur\e\ Min. Res., 1006, p. 523.
*Chas. Baskerville, Jour. Ind. and Eng Chem., Vol. VI, p. 132, 1914
1U. 8. Geol. Survey, Min. Res., 1908, p. 747, 1911 p. 955, 1912, p. 969,



100 ZIRCON, MONAZITE AND OTHER MINERALS

determination of phosphoric acid. It is also used in the preparation
of “blue carmine” for the coloring of porcelain. Another more recent
use is in the manuofacture of the alloy, ferro-molybdenum, which is used
in the preparation of a special steel. It is often supposed that molybde-
num is used at times in place of tungsten in the manufacture of hard
steels, but each have certain valuable properties that they give to steel,
which the steel manufacturers are rapidly beginning to appreciate. It
is not, then, unreasonable to expect that there will be an increased de-
mand for this metal and a wider market, which will warrant persistent
prospecting for the mineral carrying it.

The metal molybdenum was discovered in 1778. When obtained in
the metallic state it is in the form of a gray powder having a specific
gravity of 8.6. ‘It scarcely aggregates, even under the influence of a most
powerful heat. It is not acted upon by the air at the ordinary tem-
perature,

In testing for molybdenum, consideration must be made as to whether
it cceurs as a sulphide or in an oxidized condition. A good test! for the
sulphide of molybdennm is to heat a fragment of the mineral on the
flat surface of a piece of charcoal for a considerable time in the oxidiz-
ing flame, there being deposited at a short distance from the assay a
coating of molybdic oxide, MoOgz. This is pale yellow when hot and
almost white when cold. This oxide is volatile in the oxidizing flame,
but if touched for an instant with a moderately hot reducing flame it
assumes a beautiful ultramarine-blue color. Nearer the assay the char-
coal is covered with a thin tarnished copper-colored coating of MoQ,,
which is best seen when cold and by reflected light.

When the molybdenum occurs in the oxidized state, it is tested for by
treating a very small amount of the powdered molybdate with a scrap of
paper about as large as the head of a pin in a test tube with about five
drops of concentrated sulphuric acid and an equal amount of water and
heating until copious white fumes arise. Then on cooling, the liquid
will assume a magnificent deep blue color which has resulted from the
reduction brought about by the organic matter of the paper. If heated,
the blue color will disappear, but will appear again upon cooling.

OcCcURRENCES AND LocaLriTies

The sources of supply of molybdenum are the two minerals molyb-
deuite, the molybdenum sulphide (MoS,), and wulfenite, the lead molyb-
date (PbMoOy). The former mineral usually oceurs in foliated masses
or in scales with a perfect basal cleavage and metallic lustre. Tt is very
soft, being only 1 to 1.5 in hardness, and is readily seratched with the

1Penfield’s Determinative Mineralogy, 1898, p. 95.
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finger nail. It is of a pure lead-gray color and is often mistaken for
graphite, which it sometimes very closely resembles, but can be dis-
tinguished by its color. which is of a very bluish gray; by its streak on
paper, which is gray to bluish gray, while graphite is black; and by its
behavior before the blowpipe, molybdenite giving off sulphur dioxide,
which can be readily detected by its odor, while there is no change when
the graphite is heated. It crystallizes in the hexagonal system ; but well-
developed crystals are rare, as they are nsually rough and striated.

Wulfenite occurs commonly in square tabular, tetragonal crystals that
are sometimes very thin, also granularly massive. It has a resinous to
adamantine lustre and ordinarily an orange-yellow to bright red color.
It is usually found in veins carrying other lead minerals.

The trioxide, M0oOj3, the mineral molybdite has been found sparingly
in tufts or radiations of rhombic crystals of a straw yellow color, and
usually associated with molybdenite. Molybdenite generally occurs em-
bedded in or disseminated through crystalline rocks, principally in gran-
ite, gneiss, syenite and granular limestone and it has been found spar-
ingly in these rocks at many localities, there being but few localities
where it has thus far been found in commercial quantity.

In the United States molybdenite has been found in quantity in the
vicinity of Crown Point, Chelan County, Washington; at the Castleman
mine, Whatcom County, Washington; at Cooper, Washington County,
Maine; near East Los Vegas, San Mignel County, New Mexico; in the
Santa Rita Mountain District, Pima County, Arizona; at the Leslie
mine, Shoshone County. Idaho; near Portage, Atkin County, Minnesota ;
and in Beaverhead County, Montana, about thirty miles northeast of
Dillon. Tt has also been found in some quantity two miles east of Ophir,
Montana.

Waulfenite has been found in quantity in several localities in Pinal
County, Arizona, and has been mined at the Mammoth mine in the
southeastern portion of Pinal County, on the Rio San Pedro River, and
at the Troy mine in the eastern part of the county.

NORTH CAROLINA LOCALITIES,

Molybdenite. This mnineral has been found sparingly at several local-
ities in Piedmont and western North Carolina, but thus far there has
been no deposit discovered .that gives any indication of containing the
mineral in commercial quantity. It has been found in fine scales at
several of the gold and copper mines of the State; at the Pioncer Mills
mine, Cabarrus County; at the Peach Bottom copper mine, Alleghany
County; at the ITasket lime quarry, Cullowhee Gap, Macon County; on
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Tremont Mountain, Macon County; and at the Ray mica mine, Yancey
County.

Molybdite.l At the Pioneer Mills mine of Cabarrus County, molyb-
dite has been found as a yellow earthy powder coating molybdenite.

Uranium

Among the other metals that have been experimented with for use in
metallic filaments in incandescent lamps is the vanadium group. Both
vanadium and uranium have been tested but were soon proved to be of
no commercial value for this purpose, due principally to their low melt-
ing point.

The reduction of the uranium compeunds as they occur in nature, so
as to obtain this metal in a chemically pure condition, is attended with
cousiderable difficulty. For this reason, chemical compounds and alloys
of uranium are produced to a much greater extent than the metal.
Uranium was first recognized as an element in 1782 by the chemist
Klaproth, and was named after the planet Uranus. It is a stecl-gray
nonmagnetic metal which is softer than steel, being readily scratched
by a file.

Besides the experimental work with uranium for use in lighting ap-
paratus, it has also been tried as a steel hardening metal, but thus far no
decisive commercial results have been obtained. Other uses of uranium
compounds are in the manufacture of porcelain and glass. The two
oxides U0, andU;0g are greatly prized for producing a pure black
glaze on porcelain. For the decoration of glass and chinaware, a hy-
drated sodium uranate, known as uranium yellow, and a hydrated am-
monium uranate are used, which give permanent colors. These two com-
pounds are also used in the manufacture of a-uranium glass, which pos-
sesses the property of absorbing certain chemical active light rays, and
has a green-vellow fluorescence and is sometimes employed for ornaments.
Certain uranium salts are used to a considerable extent in photography.

All of the uranium minerals have become of special interest on account
of the uranium being the source of radium. In an article on the origin
of radium? Mr. B. B. Boltwood,’of New Haven, Conn., has given data
which scem to show that uranium is the source of radium and also that
there is a constant proportionality between the uranium and the radium
in the various minerals containing these elements. A long series of
minerals have been analyzed by Mr. Boltwood for their uranium and
radinm contents. It is interesting to note that the uraninite from the
Flat Rock mine, North Carolina, showed the highest radio-activity of
any of the minerals examined. In the following table are given the

1F. A, Centh, Bull. 74, U7 S, Ceol. Survey, 1891, p. 40.
2Philos. Mag., April, 1903, p. 599.
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mineral substances tested, their locality, their uranium content, and the
activity of the emanation contained in one gram of the mineral:

LIST OF URANTUM MINERALS EXAMINED FOR RADIOACTIVITY

Per Cent l Activity
f of

Substance l Locality ‘ of
} i Uranium | Emanation
— _i_ . IO _
74.65 1 150.7
60.61 147.1
65.38 126.7
..................... . Joachimsthal .__ 61.74 131.8
' North Carolina. 51.68 108.0
5064 | 1125
49.84 88.8
33.17 61.1
22.61 | 4.8
11.38 ' U9
10.44 ' 23.2
10.34 : 22.54
8.71 19.8
Thorite.... ‘ 7.54 i 15.8
Fergusonite.. 5.57 ! 11.95
i 4.52 9.98
.70 ‘ 1.14
43 .88
41 .84
a1 .76
30 | 63
007 014

OCCURRENCE

There are many minerals containing uranium that are known at the
present time, but they are for the most part found sparingly and some
of them are only known from one locality. The only ones that have been
found in sufficient quantity to become a source of uranium are uraninite,
gummite (an alteration product of uraninite), and carnotite.

Uraninite, or as it is more commonly known pitchblende, is a uranate
of uranyl and lead with usually thorium (or zirconium) and sometimes
with the metals of the lanthanum and yttrium groups. Certain varieties
contain nitrogen, and several of the newly discovered and rare elements,
as helium, radium, and polonium. This mineral is usually massive and
botryoidal, with a conchoidal to uneven fracture, and is brittle. Crys-
tals are rare, the octahedron being the common form. It has a hardness
of 5.5 and a specific gravity of 9 to 9.7. In appearance it is often pitch-
like, having a submetallic to greasy and dull lustre, and a grayish,
greenish-black to velvet-black color,

Uraninite, which is the name given to the crystallized variety, occurs
as a constituent in many pegmatitic dikes and coarse granites, and is
the variety that generally carries the rare earths and nitrogen. The
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massive variety, pitchblende, usually contains none or but a very small
amount of the rare earths and nitrogen, and is more commonly found
as an associate in metalliferous veins, with the sulphides of silver, lead,
copper, nickel, iron, and zine.

Uraninite suffers alteration quite readily going over into the hydrated
mineral, gummite, which looks like gum, and whose exact composition
is not known. Crystals of gummite are observed only as pseudomorphs
after uraninite; and it is more often in rounded or flattened pieces, with
a greasy lustre and a reddish yellow to orange, hyacinth-red or reddish
brown, color, the brighter colors being the more prominent. It is only
2.5 to 3 in hardness and has a specific gravity of 3.9 to 4.2. As would
be naturally expected, gummite is to be found at nearly all the uraninite
localities, masses of this mineral often being observed with nuclei of
uraninite in the center. It has not been found as a distinet mineral.
A further alteration of the uraninite, through gummite, is to the mineral
uranophane or uranotil, which is found in masses of a fine fibrous struc-
ture, with a vitreous lustre and a honey-yellow, lemon, or straw-yellow
color. It is a hydrous silicate of calcium and uranium and besides being
found as an alteration produet, it also occurs as a distinct mineral. It
is not uncommon to find the uranophane surrounding a mass of gummite,
in the center of which is a nucleus of uraninite.

At present the principal occurrences of uraninite are at the Wood,
Black Hawk and Kirk mines, near Central City, Gilpin County, Colo-
rado. It is also found in Colorado in the La Sal Mountains, at the
head of Paradox Valley, in Montrose County, and at Cat Gulch, near
Turret, Shasta County, and on Dolores River at the mouth of Disap-
pointment Creek, 80 miles west of Dolores, Montezuma County. In
South Dakota, at the Ross-Hannibal mine, in the Ruby Basin of the
Black Hills, uraninite has been found, but not in sufficient quantity to
miune. In many of the pegmatitic dikes and metalliferous veins of Mon-
tana, California, and New Mexico (in the President mine, near Eliza-
bethtown, Colfax County) uranium minerals have been sparingly ob-
served. '

In the eastern part of the United States uraninite occurs in many of
the pegmatitic dikes. At many of the feldspar quarries in Connecticut
it has been sparingly found, as at a quarry near Middletown; at Hale’s
quarry in South Glastonbury; at Branchville, where it often occurs in
#mall octahedral crystals embedded in albite. Uraninite has been ob-
served at Marietta, South Carolina, and at the famous gadolinite local-
ity in Llano County, Texas.

Another uranium mineral that is worthy of note in counection with
the above is autunite, sometimes called uranite, a hydrous calcium
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uranium phosphate, Ca0.2U00;3.P,05.8H20, which is practically always
found with uraninite and other uranium minerals. It occurs in small
scales or foliated aggregates with micaceous structure on the feldspar
and mica, or with galena, sphalerite, argentite, chalcopyrite, and the
minerals associated with the uraninite in the dike or vein. It has a
pearly and adamantine lustre and a lemon to sulphur-yellow color, and
is one of the indications of the presence of other uranium minerals. It
i8 sometimes called uranium mica, as is also the mineral tobernite.
(See below.)

The other uranium mineral that has become of economie importance
is carnotite,! which has been recently discovered in Montrose County,
Colorado. It occurs as a yellow to reddish-yellow crystalline powder or
in loosely cohering masses that are easily separated by the fingers and
leave traces on whatever touches them. When tested, the mineral was
found to contain not only uranium, but also a considerable percentage of
the valuable metal vanadium. Analysis shows it to be composed mainly
of a hydrous vanadate of uranium and potassium. The purer varieties
contain about 52 per cent of uranic oxide (UOjz), about 18 per cent of
vanadium pentoxide (V;05)g, about 5.5 per cent of potash (K,0), and
only about 5 per cent of silica (SiO,).

Otaer MineraLs ConTAINING UrANTUM

In the following list the name and composition of the minerals con-
taining uranium in sufficient amount to classify them as uranium min-
erals are given:

Uranothallite, a hydrous calcium uranium carbonate, 2CaCQ;U-
(CO3)s. 10H,0 occurs very sparingly as an incrustation of a siskin-
green color on uraninite.

Liebigite, a hydrous calcium uranium carbonate, formula perhaps
CaC03(U0,)C0O;4.20H,0, occurs rarely as an apple-green crystalline
incrustation on uraninite.

Voglite, a hydrous carbonate of uranium, caleium, and copper, of an
emerald-green to grass-green color, is sparingly found in aggregates of
cerystalline scales implanted on uraninite.

Schréckinergite and randite are two uranium calcium carbonates of
uncertain composition.

Some of the varieties of thorite contain a considerable quantity of
uranium as uranothorite, which carries over 9 per cent of uranium oxide,
U,0;3, and is found in the Champlain iron district, New York, but
whose exact locality is unknown. .

IMining and Scientific Press, August 25, 1900.
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A number of the niobium and tantalum minerals contain from 2 to 15
per cent uranium oxide. They are, in the order of their percentage of
uranium: Blomstrandite, hatchettolite, samarskite, polycrase, euxenite,
fergusonite, ythotantalite, annerddite, and hielmite.

Uranosphserite, a hydrous bismuth uranate, (Bi0);.U,0.3H,0, oc-
curs sparingly in half-globular aggregated concentric forms of an orange-
yellow color.

Torbernite, a hydrous phosphate of uranium and copper, CU(UO;),
P,0;4 plus 8H,0, occurs in foliated micaceous aggregates of an emerald
to grass-green color, closely resembling autunite.

Zeunerite i3 a hydrous copper uranium phosphate, Cu(U0O,) As;0gq
plus 8H,0, similar in appearance to torbernite.

Uranospinite is a hydrous calcium uranium arsenate, probably
Ca(UO05), AspOg plus 8H,0, and similar to autunite, but rare.

Uranocircite is a hydrous barium uranium phosphate, Ba(T0,),P20g
plus 8H,0, similar to autunite, but very rare.

Phosphuranylite, a hydrous uranium phosphate, (U05)3P,0g plus
6H,0, sometimes carrying lead, is found sparingly as a deep lemon-
vellow incrustation on quartz and feldspar at some of the uraninite
localities in North Carolina.

Trogerite, & hydrous uranium arsenate, (UO;)3A8,05 plus 12H,0,
in thin lemon-yellow erystals, has been found very sparingly at the Bald
Mountain mining district, Black Hills, South Dakota.

Fritzcheite, a mineral resembling autunite, but of a reddish color,
which is attributed to manganese, is of doubtful composition, but shows
reactions for uranium, vanadium, manganese, phosphorus, and water.

Walpurgite, a basic arsenate of bismuth and uranium,
Bi;(UO,)3(OH) 44 (AsOy4)y, is very rare.

Johannite is a hydrous sulphate of uranium and copper, of a beautiful
emerald-green color.

Uranopilite, a hydrous ealcium uranium sulphate, perhaps
CalUgS,0;,..25H,0, has been found as a velvety incrustation of a
yellow color on uraninite.

Uraconite or uranocher is an amorphous earthy mineral of a fine
lemon-yellow color, whose composition is principally a hydrous uranium
sulphate.

Medjidite, uranochalcite, zippeite and voglianite are uranium sul-
phates of uncertain composition, containing from 36 to 79 per cent of
uranium oxides,
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Yanadium

Since the discovery of this metal in the early part of the nineteenth
century, by Del Rio, and its rediscovery and investigation by the Swedish
chemist Sefstroem in 1830, it has been shown to be quite widely dis-
tributed in nature, but for the most part in very small quantities. The
metal is obtained with difficulty in the form of a brilliant metallic
powder of a silver-white color.

It is, however, the compounds of vanadium that are employed in the
arts; and, as our knowledge of these increases, and more is known of
the valuable properties which they possess, there is a growing demand
for them. Its main use, in the form of vanadie acid (V205), is as a
mordant in dyeing (aniline black). Other vanadium compounds are
used to a limited extent in the coloring of glass. As a steel hardening
metal, vanadium is beginning to be used in some quantity in the manu-
facture of a vanadium stecl which goes largely into the manufacture of
of springs and gears for antomobiles.

OCCURRENCE

Formerly the supply of vanadium came from France, where it is
obtained from certain slags at Creusot. With the discovery, however,
of the mineral carnotite and the pure vanadate mentioned above, a new
source of supply has been opened.

The metal is widely distributed, having been found in certain eclays,
iron ores (especially magnetite), coals, and in trap and basaltie rocks,
besides the numerous vanadium minerals. It is, however, usually in
but minute quantities, although some magnetites have been found that
contained sufficient vanadium to make them profitable working.

Another source of vanadium, and one that has attracted and is still
attracting the interest of manufacturers and chemists, is its existence
in the ash of certain coals. It was first discovered in a lignite coal
found at San Rafael, in the province of Mendoza, Argentine Republic,
by Dr. Juan J. J. Kyle.! In testing the coal as to its value as a com-
bustible, Dr. Kyle found that it left but a small amount of ash, which
was of greenish color. On analyzing the ash, it was found to contain
vanadium, and in some quantity. From the results of the analyses, it
shows that one ton of the coal will produce over 14 pounds of pure ash
containing 41% pounds of the vanadie acid (V405), of which 314 pounds
may be extracted by simple treatment of the ash with an alkaline liquor,
while the remainder can be extracted by a more elaborate chemical pro-
cess. In Cordoba and San Louis, neighboring provinces of Mendoza,

1Buenos Ayres Standard, Jan. 30, 1894, and U. 8. Consular Reports, 1894,
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the vanadium minerals, vanadite, descloisite, and psittacinite, have
been found at a number of localities.

Vanadium has also been found in an anthracite coal mined near Yauli,
in Peru. With this discovery, the probability of finding vanadium in
coals in other parts of the world is increased, and it may be that a care-
ful examination of the coals from the United States, especially of the
western states, will show the presence of the metal.

In analyzing the peats of eastern North Carolina, Dr. Charles Basker-
ville? found minute quantities of vanadium to be present in some of
them, up to 0.003 per cent of P,05.

In a recent investigation by Dr. W. F. Hillebrand,3 on the distribu-
tion of vanadium, he shows that in the more basic igneous and meta-
morphic rocks there occurs up to 0.08 per cent or more of V,0j3, but
that it is apparently absent in the highly siliceous rocks. The source
of the vanadium in the rocks appears to be the heavy ferricaluminous
silicates, biotites, amphiboles, pyroxenecs. Sometimes the vanadium
occurs in considerable amount in these minerals, when they are given
distinctive names, as roscoelite,* the vanadium mica, and lavrovite,® a
variety of the pyroxene diopside.

Besides the two minerals referred to under “Uranium” as containing
an available source of vanadium, there are a number of other minerals
that also carry this, but they have not been found as yet in sufficient
quantity to be a source of vanadium.%

VANADIUM MINERALS

The principal vanadium minerals are given below:

Vanadinite is a mineral usually occurring in hexagonal prisms which
generally have smooth faces, but are apt to be cavernous, and are brittle,
breaking with an uneven fracture. Its hardness is 2.75 to 3, and its
specific gravity 6.6 to 7.2. The color of vanadinite varies from ruby-
red, reddish-brown, light brownish-yellow to straw-yellow, and it has a
resinous lustre. It is a lead vanadate, whose formula is (PbC1)Pb,
(PO4)3, and is commonly found associated with other lead minerals,
especially in the western states, where it has been found in some quantity
in the silver-mining regions of Arizona and New Mexico, in red and
orange crystals; in the former State, at the Vulture and Phoenix mines,
in Maricopa County; the Mammoth Gold mine, near Oracle, Pinal
County, and in Yuma County. In New Mexico it has been found at

'Eng. and Min. Journal, Aug. 15, 1884: Jan 26, 1896; Feb. 24, 1900,
2Jour. Am. Chem. Soc., Vol XXI, 1899, p. 707.

3Bull. U. 8. Geol. Survey, No. 167, 1900, p. 49.

4Analyses, Hillebrand. Bull. U 8. Geol. Survey, No. 167, 1900, p. 70.
tDana Minerslogy, 1892, p. 356 and Kk. Min. Russl,, Vol. VI, p. 206.
*Mining Reporter, July 8. 1899, p. 16.
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Lake Valley, Sierra County; at the Mimbres mines, near Georgetown,
Grant County, and at Los Cerillos. It has also been found in the
Leadville distriet of Colorado. At Zimapan, in Mexico, vanadinite
has been found in some quantity in yellowish, reddish-brown to red
crystals, and it was from this locality that this mineral was first dis-
covered.

Endlichlite is a variety of vanadinite that contains a considerable per-
centage of arsenic in a ratio that is nearly P :As=1:1.

Descloizite has been found in small crystals, and also massive, with
fibrous structure and mammillary surface of a cherry red and brownish-
red to light or dark brown color and greasy lustre. In hardness this
mineral is 3.5, and has a specific gravity of 5.9 to 6.2. Chemically it is
a hydrous lead-zine vanadate, having the formula (PbZn)3V,05(PbZn)
(OH)». This is usually the composition of the crystallized varieties.
Another variety, containing copper (as high as 11 per cent), occurs in
crusts and reniform masses. It is found in some abundance at Lake
Valley, Sierra County, and near Georgetown, Grant County, in New
Mexico; near Tombstone, Cochise County, in Yavapai County, and at
the Mammoth Gold Mine, near Oracle, Pinal County, in Arizona.

Eusynchite, brackebuschite, and arsoxene are minerals similar and
the first perhaps identical with descloizite.

Pucherite is a bismuth vanadate of a reddish brown color, usually oec-
curring in small tabular crystals. -

Psittacinite is a vanadate of lead and copper, which has been found
in thin coatings of a siskin to olive-green color in the Silver Star district
of Montana.

Mottramite is a vanadium mineral found in some considerable quan-
tity at Alderly Edge and Mottram St. Andrews, in Cheshire, England,
and may be identical with psittacinite.

There are a number of vanadium minerals of uncertain composition
that are probably vanadates. These are chileite, a vanadate of lead and
copper; vanadiolite, a dark emerald-green calcium vanadate containing
silica; wicklowite, a doubtful lead vanadate.

Volborthite is a hydrous vanadate of copper, barium, and calcium, of
an olive-green color occurring in small six-sided tables.

Roscoelite is a vanadium mica that has been observed in minute scales
of a clove-brown to greenish brown color at the gold mine at Granite
Creek, near Coloma, Eldorado County, California. In the Magnolia
district, Colorado, earthy incrustations of this mineral have been found
on calaverite.
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Ardennite is a vanadio-silicate of aluminum and manganese, also con-
taining arsenic, which is found rarely in small prismatic crystals of a
yellow to yellowish-brown color, having a hardness of 6 to 7.

In the pyroxene group of minerals, a variety of diopside called lav-
rovite is colored green by vanadium.

Dechenite and calciovolborthite are two vanadates that have been
found very sparingly, the former being a lead and the latter a hydrous
copper-calcium vanadate.

Tests FoR URANIUM AND VANADIUM

The following tests can be used to advantage in detecting uranium
and vanadium in minerals:

Uranium.l Make a small salt of phosphorus (hydrogen sodium am-
monium phosphate, HNaNHP0O,.4H,0) bead on platinum wire. To
this add a little of the powdered mineral to be tested. The oxide of
uranium 1is soluble, and before the blowpipe in the oxidizing flame it
converts the colorless bead to a clear yellow, which becomes yellowish-
green on cooling, while after heating in the reducing flame the bead
assumes a fine green color. When there are other elements in the min-
eral that will impart color to the bead and for the detection of small
quantities of uranium, it is best to proceed as follows: Dissolve the
mineral in hydrochloric acid (after fusion with sodium carbonate, if
necessary ), nearly neutralize the excess of acid with ammonia, add solid
ammonium carbonate, shake vigorously, and allow the liquid to stand
a few minutes. The uranium is at first precipitated, but is soluble in
excess of ammonium carbonate, and by filtering may be separated from
a great many elements which are precipitated by that reagent. Some-
times there is difficulty in obtaining a clear filtrate, and, if so, a few
drops of ammonium sulphide may be added with the ammonium car-
bonate. Boil the filtrate containing uranium to expel carbon dioxide,
add ammonia in excess, collect the precipitate containing uranium on
a filter and test it with a salt of phosphorus bead, as described above.

Vanadium.2 Test with a salt of phosphorus bead, as described under
“Uranium.” The color of the bead in the oxidizing flame is yellow to
deep amber, fading slightly on cooling, while in the reducing flame it
is an indistinet dirty green, which changes to a fine green on cooling.

If there is but a small amount of vanadium in the mineral or there
are other oxides that will impart color to the bead, the powdered min-
eral should be fused with about four parts of sodium carbonate and two
of potassium nitrate in a platinum or porcelain spoon. After cooling,

1Penfield’s Determinative Mineralogy, 1898, p. 129,
20p. cit., p. 130.
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the fusion should be digested with warm water, in order to dissolve out
the soluble alkali vanadate. Filter, acidify the filtrate with a slight
excess of acetic acid, and add a little lead acetate, which will precipitate
a pale-yellow lead vanadate. (Lead chromate, which would be precipi-
tated in the same process, is much yellower.) The precipitate, after
being collected on a filter paper, can be tested with the phosphorus
bead.

NORTH CAROLINA LOCALITIES

At many of the mica mines in western North Carolina, uranium min-
erals have been sparingly found, as the Flat Rock mine near Spruce
Pine, Mitchell County. Uraninite has been found in masses as large
88 three pounds. These masses, however, were largely altered to gum-
mite and uranotil. This mine has produced the larger amount of uran-
ium minerals produced in North Carolina. At-the Deake mine, also near
Spruce Pine, there is a similar occurrence of uraninite and gummite.
At the Thompson mine, just beyond the Deake, a mass of uraninite and
gummite was found that weighed two'pounds. The uranophane has
been observed at many more of the mica mines in this vicinity, and
other parts of Mitchell, Avery and Yancey counties. Uranium minerals
have also been found sparingly at the Wiseman mine, Mitchell County,
and the Ray mine, Yancey County. No vanadium minerals have thus
far been found in North Carolina.
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McSneed property, monazite on, 52,
Mackintosh, J. B, 20, 24, 30.
Macon County, N. C., columbite in, 80.
ilmenite in, 97.
molybdenite in, 101.
rutile in, 97, 98.
titanite in, 99.
Madison County, N. C., fergusonite in, 21.
ilmenite in, 97.
monazite in, 38.
titanite in, 99,
zircon in, 17.
Maditon County monazite area, 47, 48.
Magnet Cove, Ark., endialyte at, 12.
Magnetic separation of monazite sand, 56-61.
Maine, columbite in, 79.
molybdenite in, 101.
occurrence of monazite in, 37, 38.
Yttrocerite in. 20,
zircon in, 14.
Malay States, monazite in, 44.
Manganotantalite, 82.
Mars Hill, N. C., zircon near, 17.
Maryland, tantalum in, 80
zircon in, 18,
Massachusetts, allanite in, 20.
columbite in, 79.
fergusonite in, 21.
microlite in, 78.
monazite in, 37, 38,
Mecklenburg County, N.
Medjidite, 106.
Melanocerite, 13.
Melting point of tantalum, 83.
of tungsten, 83.
Menaccanite, see Ilmenite.
Metallic filaments, ute of uranium in, 102.
Metallic wires for incandescent electric lamps,
69-111.
Method of treating monazite ore, 61, 62.
Mexico, vanadinite in, 109.
Mevmacite, 90.
Michaelsonite, 13.
Microlite. 78.
in Connecticut, 78.
Massachusetts, 78,
Ray mine, N. C,, 78.
Virginia, 78.
Yancey County, N. C., 78.
Mills, J. E., 52.
Minerals associated with monazite, 38-44, 486,
49.
with zircon, 15.

. C., monazite in, 87, 50.

C., rutile in, 98,
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Minerals found in black sand tests, 65.
Minerals in L!ano County, Texas, 24.
Mining monazite in Brazil, cost of, 67.
in Carolina district, 54-62.
Idaho localities, 62-64.
original matrix, 61, 62.

Minnesota, molybdenite in, 101.

Mitchell County, N. C., columbite in, 80.
columbite and tantalite in, 78.
fergusonite in, 21.
euxenite in, 22,
hatchettolite in, 77.
ilmenite in, 97.
rutile in, 97.
samarskite in, 21, 22, 78
tantalite in, 78.
uranium in, 111.
uranophane in, 111,

Molybdenite in Alleghany County, N. C., 101.
in Arizona, 101.

Cabarrus County, N. C., 101, 102,
Haskett lime qunrry. N. C, 101.
Idaho, 101,

Macon County, N. C,, 101.

Maine, 101,

Minnesota, 101.

Montana, 101.

New Mexico, 101.

Peach Bottom copper mme. N. C, 101.
Pioneer Mills mine, N. C., 101, 102
‘Washington, 101.

Yancey County, N. C., 102,

Molybdenum, dvscnpuon of, 100.
localities of, 100 1.

in North Carolmn 101, 102.
occurrences of, 100, 101,
ures of, 99, 100

Monazite, 26-29.
analyses of, 27.
areas in the United States, 45-49.
cleaning of, at Idaho localities, 62-64.
cleaning of, by magnetic separation, 56-

commercial deposits of, 49.

deposits in Brazil, 67, 68.

dercription of, 26, 27.

exports from Brazil, 68.

importation of, 68, 69.

localities, 49-50.

mining of, at Idaho localities, 62-64.
in onzmu] matrix, 61,

Monazite, occurrences of, in—Continued,

). ndmon Counh, N. C, 88, 47,

Mnme 37, 38.
Malay States 44.
l\inssachusctts, 37, 38.
Montana, 37, .
Nevada, 40.
New Hampshire, 37, 38.
New Mexico, 42.
New York, 37, 39.
North Carolina, 37, 89.
North Muddy Creek, N. C., 52.
Norway, 38, 43.
Oregon, 41, 42,
Rhode Itland, 87.
Russia, 43.
South America, 43.
South Carolina, 37, 89, 50, 52.
South Dakota, 40. .
South Mountain, N. C region,
45, 46.
Sweden 43.
Swiuerlnnd, 44.
Utah, 40.
‘Washington, 40.
Wyoming, 41.
Virginia, 39.
near Casar, N. C, 51.
Cob'enz, Prussia, 38
Fllenboro N. C,
Mooresboro, N. O 52,
Rutherfordton, N. C,, 51.
Shelby, N. C,, 51.
Wallace, N. C., 51.
on McSneed property, 52.
occurrence of, in pexmatitic dikes, 87, 38.
ore, method of treating, 61, 62.
origin of, 46.
placer deposits, rutile in, 98.
price of, 64.
production of, in North Carolina, 52.
radioactivity of
sands, percentage of thoria in, 28.
uses of 32-35,

Montana, moly bdenite in, 101,

monazite in, 28, 37, 40.
psittacinite in, 109,
thorianite in, 29.
tungeten in, 91,
uraninite in, 104,
zircon in, 18.

62
minerals associated with, 38 44 46, 49.
occurrences of, 37-49
in Africa, 44.
Arizona, 42,
Australia, 44.
Auttria, 44.
Beaver Head County, Mont., 28,
Belgium, 43.
Brindletown Creek, N. C., 52,
Burke County, N. C., 52.
California, 42.
Camp Creek, N. C., 52.
Canada, 42.
Cleveland County, N. C., 31, 52,
53, .
Colorado, 41.
Connecticut, 37, 39.
England, 43.
Finnirh Lapmark, 43.
France, 43,
Georgia, 37, 40.
Germany, 44.
Henry and Jacob Forks of Cataw-
ba River, N. C., §
Idaho, 37, 40, 48, 49 '62-65.
India, 44.
Indiana, 40.
Lattimer mine, N. C.,, 52.
Little Knob Creek, N. C., 51, 52.
MeDowell County, N. C,,

Mooreshoro, N. C., monazite near, 52.
Mosandrite, 13.

Mottramite in England, 109.

Myer, August,

N
Nernst, Dr. HL W, 8

Nernst e'ectric lamp, manufacture of, 8, 9, 10.

use of, 9.
use of zircon in, 19.

Nevada, monazite in, 40.
tungsten in, 91,
zircon in, 18,

New Hampshire, columbite in, 79.
monazite in, 37, 38.

New Jersey, thorite in, 30.
zircon in, 14.

New Mexico, deecloizite in, 109.
molybdenite in, 101.
monazite in, 42.
tungsten in, 91.
uraninite in, 104.
vanadinite in, 108.

New Sterling, N. C,, zircon near, 17.

New York, columbite in, 80.
monazite in, 37, 39.
thorite in, 30.
uranothorite in, 105.
yttrocerite in, 20.
zircon in, 14,
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North Carolina, columbite in, 80, 83.
ilmenite in, 97-99
molybdenum in, 101, 102.
monazite in, 37, 39, 52,
tungsten in, 91.
uranium in, 111,
North Muddy Creek N. C., monazite in, 52,
. I\orwm. cappelemte in, 20
cenosite in, 21,
euxenite in. 22.
lovenite in, 11.
monazite in, 38, 43,
pol)mlgnlte in, 13.
rosenbuschite in, 11.
Norway (Southern) catapleiite in, 12,
endialyte in, 12.
hjortdahlite in, 12.

o

Occurrences of columbite, 78, 79.

ilmenite, 95.

molybdenum 100, 101.

monazite, 38-44.

rutile, 93,

tantalite, 78, 79.

tungsten, 80, 01.

uranium, 103,

zircon, 13-19,

in metamorphic crystalline rocks, 14.
sedimentary rocks, 14.
volcanic igneous rocks 14.

Oklahoma, zircon in, 14, 18,
Orange Countv N. C.. rutile in, 98.
Oregon, monazite in, 41, 4

tungsten in, 91,

zircon in, 18
Origin of monaute, 46,
Osmium,

P

Pacific Slope, zircon in b'ack sands of, 18.
Palmer, Chase, 28,
Paste or Auer procese, R4.
Peach Bottom copper mine, molybdenite in,
101,
Pegmatitic dlkes monazite in, 37, 38.
Penfield, 8.
Pennsvlvanm columblte in, 80.
rutile in, 94.
zircon in, 14. .
Pens, tantalum, 75.
Peru, vanadium in, 108.
Petterd W. F., 29,
Phosphnrnn)hte 106.
Pinder tab'e, use of. in cleaning monazite, 63
Pioneer Milis mine, N. C, mol)bdemte in,
101,
Pleanaste. 17. .
Polk Countv, N. C.,, monazite in, 37, 50.
rutile in, 98.
Polycrase, 22, 106,
in Henderson County,
in South Carolina, 22.
Polymignite, dex«nptmn of, 13.
Procesres for separating monazite sands, 66.
Procestes used in preparing Sflament of
tungsten lamp, 84, 853.
Production of columbite in North Carolina, 83,
of gadolinite, 26.
mounazite in North Carolina, 52.
monazite in United States, 53.
tantalum minerals, 82, 83,
zlrcon 19,
Psittacinite in Montana, 109.
Pucherite, 109,
Pyrite, 17.
Pyrochlore, 31,
from Colorado, 31.
Pyrophyllite, rutile in, 98,

Q
Quartz (amethyst), rutile with, 98,

N. C, 22.
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R

Radlonctlvlt), list of uranium minerals exam-
ined for,
of monazne 36.
Radium from uranium, 102, 103,
Randite, 105.
Rare earths as mordants, 35.
use of, in Welsbach mantle, 7, 8.
Ray mine, N. C., columbite in, 76, 80.
microlite in, 78.
tantalite in, 76.
uranium minerals in, 111,
Rhode Islnnd monazite in, 37,
Richards, R. H., 85,
Roberts, E. R, 8, 9.
Rocks of Idaho monazite areas, 48.
Madison County, N. O, monulte area, 47,
Bouth Mountain, N. O., region, 45.
Roscoelite in Cnhl‘ormn 109.
in Colorado, 109.
Rosenbuschue doscnptlon of, 11,
in Norwn
Ro;vnnd type oi Wethenl] magnetic separator,
9

Rowlandite, 21.
Ruby corundum ascociated with rutile, 98.
Russell, H.,
Russia, monnzxte in, 43.
Rutherford Count\. N. C., anatase in, 98,
brookite in, 98,
monazite in, 37, 50.
rutile in, 98
Rutherfordton
Rutile, 17.
Rutile associated with corundum, 87, 98.
with hiddenite, 97.
Rutile, description of, 93.
occurrence of, 93.
in Alexander County, N. C., 97, 98.
Burke County, N. C., 87, 98.
Cabarrus County, N, C., 98
Catawba County, N. C,, 97 98.
Chatham County, N. 0
Clay County, N. C,,
Cleveland County. N, C 98.
Gatrton County, N. C,, 97.
Iredell County, N. C., 98.
Jackson (,ount). N. C 917,
Lincoln County, N, C., 98
McDoweli Counh N. C 98,
Macon County, N. C., 97 98.
Mecklenburg (,ount) N. C, 98.
Mitchell County, N. C., 87.
Orange County, N. C "98
Pennsylvania, 94.
Pok County, N. C., 98.
Rutherford County, N.
Swain County, N. C,, 8
Virginia, 94.
Wilkes County, N. C., 98.
Yancey County, N. C., 97.
occurrem‘e in monazite p'acer deposm- 9B,
in p’acer go!d deposits, 98.
with pyrophyllite, 98.
quartz (amethyst), 98,

8

Samarskite, 77. 78, 106.
description of, 21-22.
occurrence of, in Mitchell County, N. C,,
21, 22.
in Wireman mine, N. C., 21, 22,
Samue! Hogred farm, rutile on, 97.
Saxony, tungsten from 90.
Scheehte, descnpnon of 89, 00.
occgurrence of, in Cabarrus County, N. C.,
1

in Cosby mine, N. C., 91.

in Cullen mine, N. C 91,

in Flowe mine, N, C., 91.
« Bchrockinergite, 105,

. C., monazite near, 51.

C., 98.
7.
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Sefstroem, 107.
Shelby, N. C., monazite near, 51.
Shelton F. B
Siemens and Hnlske, 70, 74, 75, 82.
Silesia, kochelite in, 21.
Bilver Creek N C., monazite in, 52.
Smith, E. E,,
Sources of supply of tantalum, 76-78.
of titanium, 93,
tungsten, 89.

South America, monazite in, 43.
South Carolina, monazite in, 87, 39, 50, 52.
polycrase in, 22.
uraninite in, 104.
zircon in, 10.
South Dakota, columbite in, 79, 81, 83.
monazite in, 40.
trogerite in, 1086.
tungsten in, 91,
uraninite in, 104.
zircon in, 18.

South Metropolitan Gas Light Co., 61.

South Mountain, N. C.,, monazite region, 37,

45, 486.
rocks of, 45.

South Muddy Creek, monazite in, 52.
Sphene, #ee Titanite.
Staurolite, 17,
Steel, use of ferro-tungsten in, 92.
Sterrett, Douglas B., 48, 63
Stewart, Hugh, 40, 61,
Stibiotantalite, 82,
Stokes County, N. C.,
Stolzite, 90.
Surry County, N. C,, ilmenite in, 97.
Swain County, N. C., rutile in, 97,
Sweden, hielmite in, 78.

monazite in, 43.

tengerite in, 20.

yttrotantalite in, 21, 78.
Switzerland, monazite in, 44.

titanite in, 98.

T

Tantalite, 76, 77, 82.

analyses of, 77.

localitics in Alabama, 81.
Mitcheil County, C., 78
Wiseman mine, N. C
Yancey County, N. C 78 80.
United States, 79-82.

massive, 80.

occurrence of, 78, 79.

Tantalum, 70-83.
experiments with, 70, 71.
in Maryland, 80.
melting point of, 88.
Tantalum lamp, 72, 73, 74.
Tantalum mineral, anabsls of, 80.
in Idaho, 82,
production of, 82, 83.
Tantalum ore from Western Australia, 82.
pens, 75
sources of supply, 76-78.
use of, 70.
Tapiolite, 78.
in Finland, 78.
Tassin, Wirt, 29,
Tengerite, 20.
Tennessee, zircon in, 14.
Tests for uranium and vanadium, 110,
Texas, {ferguconite in, 21, 31.
gadolinite in, 23.
rowlandite in, 21,
tengerite in, 20.
uraninite in, 104,
vttrialite in, 20.
\ttrochrnsne in, 22.
Thompsou mine, uraninite in, 111,

INDEX

Thoria content of Idaho monazite sands, 49.
importation of, 68, 69
mantle, 32, 33.
minerals containing, 28-32.
percentage of, in monazite sands, 28,
source of, 32-35.
use of, in Welsbach mantle, 8.
Thorianite, 28, 29.
analysis of, 29.
from Ceylon, 28.
from Montana, 29.
Thorite, 29, 30.
in Ceylon, 28, 30.
Freeman mine, N. C., 30.
Henderson County, N, C., 80.
New Jersey, 80.
New York, 30.
occurrence of, 30.
Thorium nitrate, imports of, into United
Btates, 68
Thorogummite from Llano County, Texas, 32,
Titanite in Burke County, N. C., 98
Gaston County, N. C., 98.
granite, 98.
Haskett lime quarry, N. C, 99
Henderson County, N. C.,
hornblende slate, 98.
Iredell County, N. C., 99.
Jones zircon mine, N, C,, 99.
Macon County, N. C,, 99.
Maditon County, N. C., 99.
Stokes County, N. C., 98.
Yancey County, N, C., 98.
Titanium minerals, list of, 95-97.
Titanium oxide in are lights, 93.
Titanium, sources of supply of, 93.
use of, in incandescent lamp, 92.
Torbernite, 1086,
Traver, A, F., 33.
Trgibnch, Austria, manufacture of alloys at,
6.

Tritonite, 13.
Trogerite, 1086,
in South Dakota, 106.
Tscheffkinite in Ural Mountains, 31.
in Virginia, 31.
Tungsten in Arizona, 91.
Austro-Hungary, 60.
England, 90.
Germany, 90.
Idaho, 81.
Montana, 81.
Nevada, 91.
New Mexico, 91.
North Carolina, 91.
Oregon, 91.
Saxony, 90.
South Dakota, 91.
Washington, 91.
Tungsten lamp, economic value of, 88,
experiments with, 84, 86.
Tungsten, melting point of, 88.
occurrence of, 90, 91.
sources of supply of, 89.
ure of, in tungsten lamp, 83-89.
uses of, 91, 92
Tungstite, 90,

U

United States, columbite and tantalite locali-
ties in, 79-82
imports of thorium nitrate into, 68.
production of monazite in, 53.
Uraconite, 106.
Ural Mountains, tscheffkinite from, 31.
Uranite, #ee dutunite,
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Uraninite, 13.
description of, 32, 103.
in California, 104.

Colorado, 104.
Connecticut, 104.

Deake mine, N. C., 111.
Fiat Rock mine, N. C., 102,
Montana, 104.

New Mexico, 104.
pegmatitic dikes, 104,
South Carolina, 104.
South Dakota, 104.

Texas, 104.

Thomp:on mine, N. C.,, 111,

Uranochalcite, 108,

Uranocher, 1086.

Uranocircite, 106.

Uranophane in Avery County, N. C,, 111
Mitchell County, N. C, 111,
Yancey County, N. C,, 111.

Uranopilite, 106.

Uranosphaerite, 106.

Uranospinite, 106.

TUranothallite, 105.

Uranothorite in New York, 105,

Uranium as a totrce of radium, 102, 103,
description of, 102.
experiments with, 102.
in Flat Rock mine, N. C, 111,

Mitchell County, N, C., 111,
localities in North Carolina, 111.
minerals, 105, 106.

Uranium minerals examined for radioactivity,
103.
in Mitchell County,

N. C, 111.
Ray mine, N. C., 111
Yancey County, I\ C 111,
TUranium, occurrence of, 103.
tests for, 110.
uses of, 102.
Uses of cerium, 33.
lanthanum, 35.
molybdenum, 99, 100.
monazite, 32-35.
tantalum, 70.
tungsten, 91, 92.
uranium, 102.
CUtah, monazite in, 40.
zircon in, 18,

Vanadinite, 108.

in Arizona, 103.
Colorado, 109.
Mexico, 109.
New Mexico, 108,

Vanadiolite, 109.

Vanadium, composition of, 107.
minerals of, 107, 108-110.
occurrence of, 107, 108.

in Argentine Republic, 107.
France, 107
Peru, 108.

tests for, 110.

uses of, 107.

Virginia, allanite in, 20,
columbite in, 80.
fergusonite in, 21.
microlite in, 78.
monazite in, 39.
rutile in, 94,
tscheffkinite in, 31.
zircon in, 14, 16-17.

Voglianite, 106.

Voglite, 105.
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Volborthite, 109.
Von Bolton, Dr., 70.

w

Wallace, A. D. K., 51,
Wallace, N. C., monazite near, 51,
Walpurgite, 106.
‘Warren, C, H,, 22,
Washington, molybdenite in, 101.
monazite in, 40
tungsten in, 91,
zircon in, 18.
Wells, R. C., 49.
Welsbach, Auer Von, 7, 34, 35, 99,
Welsbach Light Company, 51, 54.
Welsbach mantle, 7, 33, 34, 35.
use of rare earths in manufacture of,
., 8.
use of zircon in, 19.
Western Australia, tantalum ore from, 82.
Wetherill magnetic separator, 59.
White, A. H., 33.
Whitney, W. R., 88.
Wicklowite, 109.
Widener, C. Ww., 88.
Wiifley tables in cleaning monazite sand, 55,
63.

Wilkes County, N. C., rutile in, 98.
Wiseman mine, N. C., columbite and tantalite
in, 78, 79, 80.
euxenite at, 22.
hatchettolite at, 77.
samarskite in, 21, 22, 78.
tantalite in, 78, 79
‘Wohlerite, description of, 11,
Wolframite associated with scheelite, 91.
description of, BS.
Wright, Benjamin, 16.
Wulfenite in Arizona, 101.
occurrence of, 101,
Wyoming, monazite in, 41,
zircon in, 18.

X
Xanthitane, 99.

Y

Yanosy County, N. C., columbite and tantalite
in, 76, 78.
columbite in, 80.
microlite in, 78,
molybdenite in, 102,
rutile in, 97.
tantalite in, 76, 78, 80.
titanite in, 98.
uranium minerals in, 111,
uranophane in, 111,
Yitria in Llano County, Texas, 24.
source of,
use of, in “elzbnch mantle, 8
Yttrialite, 20.
Yttrium minerals, list of, 20-22.
Yttrocerite, 20.
Yttrochrasite, 22, 32,
in Texas, 22
\ttrotanuhte 108.
in Sweden, 21, 78.

Z
Zeunerite, 106,
Zippeite, 106.
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Zircon, associated minerals, 17.
commercial use of, 7, 8.
composition of, 10, 186.
crystals from Oklahoma, description of,
18.

minerals associated with, 15.
minerais derived from slteration of, 12.
mining of, 16.
occurrences and localities of, 13-19,
in Alaska, 18
Arizona, 18.
black sands of Pacific Slope, 18.
California, 18,
Colorado, 18.
Freeman mine, N, C, 15.
Idaho, 10, 18.
Indiana, 18,
Irede!ll County, N. C., 17.
Jones mine, N. C.,, 15.
Madison County, N. C., 17.
Maryland, 18.
Montana, 18.
Nevada, 18.

INDEX

Zircon localities—Continued.
New York, 18.
Oklahoma, 18.
Oregon, 18.
South Carolina, 10.
South Dakota, 18,
Utah, 18.
Washington, 18.
Wyoming, 18.
near Cashion, Oklahoma, 18.
near Mars Hill, N. C., 17.
near New Sterling, N. C., 17.
production of, 19.
use of, in Nernst lamp, 19.
in Welsbach mantle, 19.
Zirconia in gas tips of oxyhydrogen blowpipe,
10.
Zirconia, sources of, 10-13.
use of in Welsbach mantle, 8.
uses of, 10.
Zirconium, 99,
Zirkelite, 32.
description of, 13.





